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AN IMPROVED DIODE STRUCTURE FOR SOI CIRCUITS 

FIELD OF THE PRESENT INVENTION 

The present invention relates to the fabrication of integrated circuits, and more 
particularly to the formation of diodes in integrated circuits that may be used for 
ESD (electrostatic discharge) protection, temperature monitoring and the like. 

DESCRIPTION OF THE PRIOR ART 

^j^modern integrated circuits, such as microprocessors, a huge number of circuit 
especially transistors, are provided and operated on a restricted chip 
area. Although immense progress has been accomplished over the recent decades 
regarding the performance and the feature size of the circuit elements, the ongoing 
demand for enhanced functionality of electronic devices forces semiconductor 
manufactures to steadily reduce the dimensions of the circuit elements and to 
.increase the operating speed thereof. A promising design alternative for high-end 
integrated circuits having reduced parasitic capacitance and thus the potential for 
obtaining higher operating speeds represent so-called SOI (silicon on insulator) 
devices, which are fabricated within and on a thin crystalline silicon layer provided 
on an insulating substrate. Recently. SOI substrates having formed thereon a 
crystalline silicon layer of a comparable quality to that of bulk silicon substrates are 

/^cw available at reasonable costs and render high end circuits, such as 
microprocessors and the like, as attractive candidates for being fabricated on SOI 
substrates. 

Although SOI devices offer a plurality of advantages due to the fact that the circuit 
elements may entirely be insulated from adjacent circuit elements, additional 
problems not encountered with devices fabricated on bulk silicon (bulk devices) 
may arise or other problems also addressed in bulk devices may even be 
exaggerated in SOI devices. For instance, the well region of a transistor device is 
typically isolated and the potential thereof floats, wherein, for example, minority 
charge carriers may accumulate and adversely influence the transistor 
characteristics, such as the threshold voltage. Thus, certain countermeasures. such 
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as additional substrate contacts, band gap engineering, and the like have to be 
taken so as to obtain the desired transistor performance. Moreover, the heat 
conductivity in SOI devices may usually be significantly lower than in bulk devices 
due to the low heat conductivity of the insulating layer that separates the 
semiconductor layer accommodating a circuit element and the substrate. Therefore, 
substantially all of the heat created in the semiconductor layer has to be dissipated 
by the electric connections. The problem of heat dissipation becomes even more 
relevant in modern integrated circuits, which are typically operated at high clock 
frequencies and have an extremely high package density that continues to increase 
with every new circuit generation. Additionally, in SOI CMOS devices the risk of 
I^Tiaging circuit elements by electrostatic discharge still exists in the same way as 



has to be conducted by the doped regions and the electric contacts connected 
thereto. Since relatively high currents may have to be discharged a remarkable 
amount of additional heat may be created. 

It is therefore very important to provide diode structures in SOI devices that exhibit 
characteristics approaching as closely as possible the characteristics of an ideal 
diode, thereby allowing effective monitoring of the die-internal temperature and/or 
protection of the circuitry upon occurrence of ESD events. 

/;^'jth reference to Fig. 1, a conventional silicon diode structure as used in SOI 
devices will now be described in more detail to illustrate some of the problems 
associated therewith. 

In Fig. 1 a semiconductor structure 100 comprises a substrate 101, for example, a 
silicon substrate, having formed thereon an insulating layer 102 that is commonly 
referred to as a buried oxide layer, since frequently the insulating layer 102 is 
comprised of silicon dioxide. A semiconductor layer 103 is formed on the insulating 
layer 102 and comprises isolation trenches 104 that enclose an active region 105. 
The active region 105 may include dopants, such as p-type dopants in the form of 
boron. A highly doped p-type region 106 and a highly doped n-type region 107 are 
formed in the active region 105, wherein the highly doped n-type region 107 




Bivices, Therefore, effective diode structures for discharging the excess 
re required, wherein the entire current and the heat associated therewith 
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together with the p-doped active region 105 form a pn-junction 108. A thin 
insulating layer 109, which will be referred to as a gate insulation layer, is formed 
on the active region 105 and separates a conductive line 110 such as a polysilicon 
line from the active region 105. The p-type region 106, the n-type region 107 and 
the polysilicon line 110 comprise silicide regions 111 including a silicide of any 
appropriate refractory metal, such as cobalt, nickel, titanium and the like. 
Moreover, sidewall spacers 112 are formed on sidewalls of the polysilicon line 110. 
In principle, the circuit element described so far may be considered as a typical 
transistor structure with the exception of the highly doped regions 106 and 107, 
which are doped inversely to each other, contrary to a regular n-channel MOS 
ll&nsistor that would comprise two highly doped n-type regions. Due to the 



be relUPId to as gate electrode 110. 

The semiconductor structure 100 further comprises contact plugs 113 and 114 
Including; for example, tungsten and possibly any appropriate barrier layer (not 
shown) to provide enhanced diffusion barrier characteristics and adhesion to a 
surrounding insulating layer 115 that may, for example, be comprised of silicon 
dioxide. The contact plugs 113 and 114 may be connected to corresponding metal 
regions or metal lines 116 and 117, wherein the contact plug 114 is additionally 
connected to the gate electrode 110, for example in the form of a local interconnect 
(not shown). The metal lines 116, 117 are to represent one or more metallization 
f^l^yers required to provide the electrical connection to other circuit elements or to 
peripheral devices. 

A typical process flow for manufacturing the semiconductor structure 100 may 
comprise the following processes. The substrate 101 including the insulating layer 
102 and the semiconductor layer 103 may be formed by well-known wafer bonding 
techniques that allow to provide the semiconductor layer 103 with a quality of the 
crystalline structure identical to that of bulk substrates. Thereafter, the isolation 
structures 104 may be formed by well-established photolithography, deposition, and 
etch techniques. Thereafter, the gate insulation layer 109 and the gate electrode 
110 may be formed in conformity with the typical process flow for the formation of 
transistor structures, which may simultaneously be provided at other areas of the 




lO an ordinary MOS transistor structure, the polysilicon line 110 will also 
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substrate 101. The lateral dimension of the gate electrode 110 may be adjusted in 
accordance with design requirements in such a manner that an appropriate 
implantation mask is provided for subsequent implantation steps. 

Prior to the formation of the gate electrode 110, one or more implantation steps 
may be carried out so as to provide a desired dopant profile in the active region 
105. Thereafter, the gate electrode 110 is formed by patterning a polysilicon line 
(not shown) using well-established photolithography and etch techniques. Next, a 
further implantation step may be performed to create, for example, the n-type 
region 107, wherein the part of the active region 105 intended to receive the region 
jjft^is covered by a corresponding resist mask (not shown). Thereafter, the resist 



107^|i|Pa further implantation sequence may be performed to create the p-type 
region 106. During the implantation processes for forming the regions 106, 107. 
the corresponding resist masks may substantially avoid dopant penetration in the 
respective covered region, wherein it is, however, the gate electrode 110 that 
provides for the precise adjustment of the dopant profile of the regions 106, 107 
below the gate insulation layer 109. Therefore the gate electrode 110 substantially 
determines the characteristics, i.e. the dopant concentration, of the pn-junction 108. 
Typically the implantation sequences are performed under conditions and with 
process parameters as required for the simultaneous formation of other transistor 
devices. Therefore, the implantation sequence may also include any sophisticated 
|s|ihplantation techniques, such as tilted implantations and a halo-implantation, as is 
usually necessary for high-end transistor structures. Although these implantation 
techniques may provide significant advantages for the transistor structures, the 
characteristic of the pn-junction 108, which substantially determines the diode 
behavior of the semiconductor structure 100, may remarkably deviate from the ideal 
diode characteristic. Moreover, any short channel effects as well as the floating 
body effect may necessitate additional complex dopant profiles within the active 
region 105, which may further adversely affect the electrical characteristics of the 
semiconductor structure 100. 




be removed, a further resist mask may be formed over the n-type region 



Thereafter, the sidewall spacers 112 may be formed by depositing an insulating 
material and anistropically etching the dielectric material. Next, a refractory metal 
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layer may be formed over the structure 100 and a heat treatment may be carried 
out so as to form the silicide regions 111 in the regions 106, 107 and the gate 
electrode 110. Thereafter, the dielectric layer 115 is formed by any appropriate 
deposition method and the contact plugs 113 and 114 are formed by etching 
respective vias into the dielectric layer 115 and filling the same with an appropriate 
barrier metal and a contact metal. During the formation of the contact plugs 113, 
114, an electrical connection (not shown) to the gate electrode 110 is also formed 
to obtain a defined potential at the gate electrode 110 during the operation of the 
semiconductor structure 100. Finally, one or more metallization layers are formed, 
represented by the metal regions and lines 116, 117, so as to provide for the 
■ Inquired electrical connections to other circuit elements and/or the periphery. 

During operation of the semiconductor structure 100, which acts as a diode, the 
region 106, acting as an anode, and the region 107, acting as a cathode, of the 
diode structure are electrically connected in conformity with the circuit layout under 
consideration. For instance, a voltage supplied to the regions 106 and 107 may 
create a current through the pn-junction 108, wherein the current substantially 
depends exponentially on the applied voltage and temperature. Depending on the 
"ideality" of the pn-junction 108, the temperature may be monitored more or less 
accurately. As previously noted, tilted halo-implantations as well as further 
advanced implantation schemes to control the floating body effect may have a 
( significant influence on the diode characteristic. Moreover, the continual scaling of 
\4ifemiconductor devices also requires a corresponding reduction of the thickness of 
the semiconductor layer 103. The MOS structure, that is, the conductive gate 
electrode 110, the gate insulation layer 109 and the underlying active region 105, 
may cause a depletion region in the active region 105, which also influences the 
behavior of the pn-junction 108. A corresponding ratio between a depleted region 
below the gate insulation layer 109 and a quasi-neutral region, which is the main 
factor determining the diode behavior of the pn-junction 108, usually depends on 
the thickness of the layer 103. Consequently, an ongoing reduction of the thickness 
of the layer 103 as required for scaling SOI devices may increasingly adversely 
influence the diode characteristics of the structure 100. In extreme cases, the 
active region 105 may be depleted entirely, resulting in a substantially completely 
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elimination of the diode function of the structure 100. Hence, a further scaling of 
SOI devices may suffer from a reduced ideality of integrated diode structures. 

In view of the problems identified above, a need exists for an improved technique 
for forming diode structures on SOI substrate, which provide for enhanced diode 
characteristics for scaled SOI devices, 

SUMMARY OF THE INVENTION 

Generally, the present invention is directed at a technique for forming diode 
.structures in an SOI device, in which an MOS structure is avoided in that a 
Conductive line is replaced by a dielectric region acting as an implantation mask 
and a silicide blocking region. 

According to one illustrative embodiment of the present invention, a semiconductor device 
■comprises an insulating substrate and a semiconductor layer formed on the insulating 
substrate. A p-doped region and an n-doped region are formed in the semiconductor layer. 
A pn-junction is formed between the p-doped region and the n-doped region and an 
insulating region is formed on the semiconductor layer, which covers the pn- 
junction. The insulating region has a thickness that is configured to substantially 
avoid a capacitive coupling to the pn-junction. 

ccording to still a further illustrative embodiment of the present invention a diode 
structure in an SOI device comprises a p-doped region and an n-doped region 
arranged to form a pn-junction. A first silicide region is formed in the p-doped 
region and a second silicide region is formed in the n-doped region. A first contact 
plug is provided that connects to the first silicide region and a second contact plug 
is provided that connects to the second silicide region. Finally, an insulating 
material is formed between the first and second contact plugs so as to substantially 
fill a space therebetween. 

According to still a further illustrative embodiment of the present invention a method 
comprises forming a dielectric mask region above a semiconductor layer formed on 
an insulating substrate. A p-doped region and an n-doped region are formed in the 
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semiconductor layer using the dielectric mask region to create a pn-junction 
between the p-doped region and the n-doped region below the dielectric mask 
layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Further advantages, objects and embodiments of the present invention are defined 
in the appended claims and will become more apparent with the following detailed 
description when taken with reference to the accompanying drawings, in which: 

Fig. 1 schematically shows a conventional diode structure for an SOI device; and 

( 

Pig. 2a - 2f schematically depict cross-sectional views and top views, respectively, 
of a diode structure during various manufacturing stages according to illustrative 
embodiments of the present invention. 

DETAILED DESCRIPTION 

While the present invention is described with reference to the embodiments as 
illustrated in the following detailed description as well as in the drawings, it should 
be understood that the following detailed description as well as the drawings are 
{ pot intended to limit the present invention to the particular illustrative embodiments 
^sclosed, but rather the described illustrative embodiments merely exemplify the 
various aspects of the present invention, the scope of which is defined by the 
appended claims. 

With reference to Figs. 2a-2e, further illustrative embodiments of the present 
invention will now be described in more detail. 

In Fig. 2a. a semiconductor structure 200 comprises a substrate 201, which may be 
a dielectric substrate, a semiconductor substrate, or any other substrate that is 
considered appropriate for forming thereon semiconductor devices. An insulating 
layer 202 is formed on the substrate 201, wherein the insulating layer 202 may be 
comprised of any suitable dielectric material. In one particular embodiment, the 
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substrate 201 is a silicon substrate and the insulating layer 202 is substantially 
comprised of silicon dioxide. A semiconductor layer 203 is formed on the insulating 
layer 202 and may comprise any semiconductive material of high crystalline quality 
and, in a particular embodiment, the layer 203 is comprised of crystalline silicon. 
Trench isolations 204 comprising any appropriate insulating material such as silicon 
dioxide and/or silicon nitride for silicon based semiconductor devices may be 
formed in the semiconductor layer 203 and define therein an active region 205. In 
this respect an active region is to be considered as a semiconductive region 
intended to conduct a current and whose conductivity is adjusted by providing 
dopants therein. 

formed above the active region 205 is a dielectric mask region 210 having a shape 
and dimensions that allows appropriate shielding of a portion of the active region 
205 in subsequent implantation processes, as will be described later on. The 
dielectric mask region 210 may be formed of an appropriate insulating material, 
such as silicon dioxide, silicon nitride, or any other material that is appropriate for 
the semiconductor structure 200 and is compatible with the manufacturing process 
thereof. In one illustrative embodiment, a dielectric layer 209 may be provided 
between the dielectric mask region 210 and the active layer 205. The insulating 
layer 209 may have a thickness that substantially conforms to a thickness of a gate 
insulation layer of transistor devices that may be formed in other areas of the 
substrate 201 . 

A typical process flow for forming the semiconductor structure 200 as shown in Fig. 
2a may comprise the following processes. First, the substrate 201 including the 
insulating layer 202 and the semiconductor layer 203 may be formed by 
sophisticated wafer bonding techniques or may be provided as an SOI substrate, as 
is available from a plurality of semiconductor suppliers. Thereafter, the trench 
isolations 204 are formed by lithographically patterning a resist and anisotropically 
etching respective trenches into the semiconductor layer 203. Thereafter, the 
trenches are filled with one or more suitable dielectric materials and the excess 
dielectric material may then be removed by chemical mechanical polishing (CMP), 
Next, the insulating layer 209, if provided, may be formed by advanced deposition 
methods and/or oxidation processes, if the insulating layer 209 is substantially 
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comprised of an oxide. Thereafter, an insulating material layer may be deposited 
and subsequently patterned by advanced lithographicai techniques so as to form 
the dielectric mask region 210. in one illustrative embodiment, the dielectric mask 
region 210 may directly be formed on the active region 205. The shape of the 
dielectric mask region 210 may be selected in accordance with design 
requirements, wherein the purpose of the semiconductor structure 200, which will 
act as a diode structure, may affect the finally selected layout of the dielectric mask 
region 210 and of the semiconductor structure 200. For example, in the illustrative 
embodiment shown in Fig. 2a, the dielectric mask region 210 represents a 
substantially straight line, whereas in other embodiments the dielectric mask region 
' ^ 210 may have any other appropriate shape, such as a closed . loop including 
plurality of continuous straight-line elements. 

A height and a lateral dimension of the dielectric mask layer 210 is selected so as 
to provide a required blocking capacity to obtain a dopant profile below the 
-dielectric mask layer 210 in the active region 206 during subsequent implantation 
steps as will be described later. For example, a lateral dimension of the dielectric 
mask region 210 may range from approximately 0.03 pm to 0.2 |jm, whereas a 
height thereof may range from approximately 30 to 100 nanometer (nm). 

Fig. 2b schematically shows the semiconductor structure 200 in a further advanced 
/ manufacturing stage. A resist mask 220 is formed over a portion of the 
■0Bmiconductor structure 200 so as to shield a portion of the active region 205. 
intended to receive an n-type dopant, and to expose a portion of the active region 
205 to an ion bombardment 221 to form a p-type doped region 206. 

The resist mask 220 is formed by standard photolithography techniques, wherein 
the alignment of a corresponding photolithography mask with respect to the 
substrate 201 is not critical as long as the resist mask 220 does not cover a portion 
of the active region 205, in which the p-type region 206 is formed. Thus, the lateral 
dimension of the dielectric mask region 210 provides for a sufficient margin in 
aligning the photolithographic mask and the substrate 201. After the formation of 
the resist mask 220, an ion implantation is performed, represented by the ion 
bombardment 221. to form the p-type region 206 exhibiting a required high dopant 
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concentration within the active layer 205. For convenience, it is assumed that the 
active region 205 is per se slightly p-doped, whereas in other embodiments the 
active region 205 may be n-doped. During the ion bombardment 221, carried out at 
an appropriate implantation energy and dose tailored for the thickness of the layer 
203 and the dopant to be implanted, such as boron, indium, and the like, and 
possibly including any tilted implantation steps if required, the dielectric mask 
region 210 substantially determines the dopant profile, i,e. the dopant gradient at 
the transition between the active region 205 and the region 206. That is, the dopant 
profile may be controlled by adjusting the lateral dimension, i.e., a width, of the 
dielectric mask region 210 with respect to the specifics of the implantation, such as 
^It angle, and of a subsequent anneal cycle. For instance, if a small width of the 
dielectric mask region 210 is selected for given implant and subsequent anneal 
specifics, the dopant concentration may decrease but may reach a considerable 
distance beyond the edge of the dielectric mask region. In combination with a 
subsequent implant process, as will be described below, this distance may then 
determine the final dopant concentration at a pn-junction to be formed. 



Fig. 2c schematically shows the semiconductor structure 200 in a similar 
arrangement as in Fig. 2b. with the exception that a second resist mask 223 is 
formed above the structure 200 so as to expose a portion of the active region 205 
( to a second ion bombardment 222. thereby creating an n-type region 207. The n- 
^pe region 207 together with the active region 205. which is slightly p-doped, form 
a pn-junction 208. the location of which is substantially determined by the process 
parameters of the Ion bombardment 222 and the dimension and position of the 
dielectric mask region 210. The process parameters such as implantation energy, 
dose, type of dopant material, tilt angle, and the like may be selected as dictated by 
the design requirements for the structure 200. It should be noted that the.precise 
characteristics of the pn-junction 208 depend on further process specifics^ such as 
any anneal cycles for activating the dopants and curing any lattice damage created 
by the ion bombardment 221, 2*22. Since typically the process parameters such as 
temperature and duration of any anneal cycles for activating the dopants in the 
regions 206 and 207 may depend on corresponding anneal cycles carried out for 
further transistor structures that may also be formed on the substrate 201, the 
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dimensions of the dielectric mask region 210 in combination with the process 
parameters of the ion bombardment 221, 222 are selected such that the dopant 
profile of the pn-junction 208 as implanted may then, after the anneal cycle, exhibit 
a dopant gradient as necessary for obtaining a substantially ideal diode 
characteristic. That is, the dimensions of the dielectric mask region 210 are 
selected so as to obtain a desired decrease in the dopant concentration towards 
the pn-junction 208 that results in a diode characteristic rather than in a Zener 
characteristic, which would be obtained with the high dopant concentrations 
prevailing at the uncovered portion of the region 207. It should be emphasized that 
contrary to the conventional diode structure shown in Fig. 1. the semiconductor 
structure 200 is devoid of an MOS structure, wherein the dielectric mask region 210 
Allows to precisely define the dopant concentration and the location of the pn- 
junction 208. Due to the provision of the dielectric mask region 210. the pn-junction 
208 is therefore "self-aligned" in the sense that its position is defined by the 
position of the mask region 210. 

Fig. 2d schematically shows, on the right-hand side, a top view of the 
semiconductor structure 200 according to one illustrative embodiment of the 
present invention. The general shape of the semiconductor structure 200 is similar 
to the design of a typical transistor structure of a MOS transistor used in SOI 
devices. That is, the p-doped region 206 and the n-doped region 207 are arranged 
side by side in a "linear" configuration. 

The left hand side of Fig. 2d schematically shows a top view of a further illustrative 
embodiment, wherein the dielectric mask region 210 encloses the substantially 
square-shaped region 207, whereby the p-type region 206 surrounds the n-active 
square 207 with the pn-junction 208 (not shown) located therebetween. The 
designs shown in Fig. 2d are of illustrative nature only and other diode structure 
designs may be used in a way that is deemed appropriate for a certain purpose. 
For instance, the type of dopants of the embodiment shown on the left hand side 
may be exchanged and the square shape may be replaced by any other appropriate 
shape, for example a rectangular shape, as desired. Particularly the embodiment 
shown on the left hand side of Fig. 2d provides a significantly increased area of the 
pn-junction 208 compared to a linear "transistor-like" configuration and thus allows 
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relatively high currents to flow through the pn-junction 208, which would lead to an 
excessive heat development in a linear arrangement as shown on the right hand 
side in Fig. 2d or as is the case in the conventional diode structure shown in Fig, 1. 
Therefore, in addition to the elimination of an MOS structure due to the provision of 
a dielectric material instead of a polysillcon line, a high degree of design flexibility 
is obtained with the present invention. 

Fig. 2e schematically shows the semiconductor structure 200 with silicide regions 
211 formed in the p-type region 206 and the n-region 207. The silicide regions 211 
may comprise any appropriate silicide of a refractory metal, such as titanium, 
^l^ntalum, tungsten, cobalt, nickel and the like. 

A typical process flow for forming the semiconductor structure 200 as shown in Fig. 
2e may, starting from the configuration shown in Fig, 2c, comprise the following 
steps. After removing the resist mask 223 (cf. Fig. 2c). an anneal cycle may be 
ce^^ied out so as to activate the dopants in the regions 206 and 207 and cure 
imfc'lantation induced crystalline damage in the regions 206 and 207. In this 
context, it should be noted that usually a plurality of other circuit elements, such as 
MOS transistors are fabricated during the process sequence for forming the 
semiconductor structure 200. Therefore, prior to or after the formation of the 
dielectric mask region 210, one or more process steps may have been performed 
>so as to form, for example, gate electrodes for transistor devices on other areas of 
'^(l|^ie substrate 201. In a particular embodiment, the dielectric mask region 210 is 
created after the formation of gate electrodes on other areas of the substrate 201. 
Moreover, the ion bombardment 221 and 222 may be carried out in combination 
with corresponding implantation processes required for the formation of p-channel 
transistors and n-channel transistors. In one illustrative embodiment, a resist mask 
(not shown) may be provided that substantially covers the semiconductor structure 
200 during a halo-implantation as required for sophisticated transistor elements for 
SOI devices, thereby avoiding any deleterious effects of the halo implant on the pn 
junction 208. In other embodiments, the creation of an appropriate dopant profile in 
a transistor element may require the formation of sidewall spacers at respective 
gate electrodes, such as the sidewall spacers 112 in Fig. 1. Therefore, it may be 
considered appropriate to also form dielectric sidewall spacers on sidewalls of the 
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dielectric mask region 210 along with the corresponding spacers of transistor 
elements. In this case, the initial lateral width of the dielectric mask region 210 is 
selected in such a way that the finally-obtained lateral dimension including any 
dielectric sidewall spacers results in the desired overall width of the combination of 
the sidewall spacers and the dielectric mask region 210. 

Irrespective of the additional process steps described above, a refractory metal is 
then deposited over the structure 200 according to design requirements, which may 
be selected to conform with any transistor elements that are additionally to be 
formed on the substrate 201. By carrying out an appropriate anneal cycle, a 
spipidation sequence is Initiated, wherein, according to the dielectric nature of the 
rhajterial of the mask region 210, substantially no metal silicide is formed in and on 
the dielectric mask region 210. Depending on the type of metal silicide formed in 
the regions 211, one or more deposition and/or anneal cycles may be necessary, 
wherein excess metal may be removed prior to or after one or more anneal cycles. 
Similarly to the conventional process flow described with reference to Fig. 1 and 
similarly to the formation of transistor structures, the silicidation process for forming 
the regions 211 is self-aligned and avoids an electrical short of the pn-Junction 208 
due to the dielectric nature of the mask region 210 and the absence of silicide 
thereon. 

Fig. 2f schematically shows the semiconductor structure 200 in a substantially 
^iompleted state. The semiconductor structure 200 comprises an insulating layer 
215, for example comprised of silicon dioxide, silicon nitride, or any other suitable 
dielectric material, wherein a contact plug 213, connecting to the p-type region 206 
via the respective region 211, and a contact plug 214, connecting to the n-type 
region 207 via the respective region 211, are provided. As already pointed out with 
reference to Fig. 1, any appropriate metal possibly in combination with a suitable 
barrier material may be used in forming the contact plugs 213, 214. It is noted that, 
contrary to the conventional design described with reference to Fig. 1, an electrical 
connection between the gate electrode 110 and the corresponding contact plug 114 
is obsolete according to the present invention. The contact plugs 213, 214 may be 
connected to any appropriate metal lines, represented by regions 216, 217, which 
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finally provide for the required connection to other circuit elennents or input and 
output terminals. 

The formation of the contact plugs 213, 214 in the insulating layer 215 may be 
accomplished by well-established deposition, lithography, and etch techniques. 

It should be emphasized that contrary to the conventional diode structures shown in 
Fig. 1, a capacitive coupling to the active region 205 including the pn-junction 208 
by any adjacent metal or conductive regions is at least significantly reduced or even 
substantially completely avoided, since a space above the active region 205 and 
the pn-junction 208 is substantially completely filled with dielectric material from the 



layer 215. That is, the structure 200 does not include an MOS structure as is the 
case in the conventional structure 100. It should further be appreciated that, 
depending on the type of material used in the insulating layer 215 and the mask 
region 210. an interface therebetween may not necessarily be formed when 
substantially the same materials as well as the same deposition methods have 
been used in forming the insulating layer 215 and the mask region 210. Moreover, 
as previously noted, the mask region 210 may additionally . comprise sidewali 
spacers (not shown), comprised of the same or a different material as compared to 
the dielectric mask region 210 and the insulating layer 215 when a corresponding 
( process sequence is selected, as is previously explained. 



In other embodiments, it may be necessary to increase the height of the regions 
206, 207 by, for example selectively epitaxially growing silicon or any other 
appropriate semiconductive material prior to performing the ion bombardments 221, 
222 for forming the regions 206, 207. Respectively increased regions 206, 207 
may be required when a . thickness of the semiconductor layer 203 has to be made 
extremely thin so as to comply with design requirements for highly sophisticated 
SOI semiconductor devices. Typically, scaling down the overall dimensions of 
transistor structures in SOI schemes may necessitate the employment of very thin 
semiconductor layers to maintain the required transistor performance even for a 
very short channel length. However, the dopant concentration of corresponding 
drain and source regions as well as a vertical extension of corresponding silicide 




dielectric mask 



region 210. the insulating layer 209. if provided, and the insulating 
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regions may not suffice to provide for the required small sheet resistance of these 
areas. Therefore, the size of the drain and source regions may be increased in the 
vertical direction, thereby lowering the overall sheet resistance. The present 
invention, i.e., the diode structure as represented by the semiconductor structure 
200, may also be applied to a process sequence requiring the selective epitaxial 
growth of the active region 205 adjacent to the dielectric mask region 210 without 
adding additional process complexity. 

As a consequence, providing the dielectric mask region 210 instead of a polysilicon 
gate that has to be connected to one of the highly doped regions allows a high 
degree of design flexibility, even for extremely thin semiconductor layers 203 
fequired in high end SOI devices. 

During the operation of the semiconductor structure 200. the diode characteristic is 
substantially determined by the pn-junction 208. even for an extremely thin active 
•region 205. since due to the absence of a depletion region created by the 
capacitive coupling of a conductor to the underlying active region 205, any 
variations of the effective area of the pn-junction 208 are substantially avoided. 
Thus, the efficiency in temperature monitoring is maintained, even if the 
semiconductor structure 200 is scaled down to accommodate transistors having 
gate length dimensions in the range of 0.04 |j and even less. Moreover, the design 
flexibility accomplished by the pr-esent invention allows the formation of pn- 
-4|^iptions having an increased area, which results in a significantly enhanced 
current drive capability compared to the conventional design shown in Fig. 1, 
thereby providing extremely effective ESD protection diode structures for SOI 
devices. 

Further modifications and variations of the present invention will be apparent to 
those skilled in the art in view of this description. Accordingly, the description is to 
be construed as illustrative only and is for the purpose of teaching those skilled in 
the art the general manner of carrying out the present invention. It is to be 
understood that the forms of the invention shown and described herein are to be 
taken as the presently preferred embodiments. 
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CLAIMS 



1. A semiconductor device comprising: 
an insulating substrate; 

a semiconductor layer formed on said insulating substrate; 
a p-doped region formed in said semiconductor layer; 
an^n-doped region formed in said semiconductor layer; 



a pn-junction formed between said p-doped region and said n-doped region; and 

an insulating region formed on said semiconductor layer and covering said pn- 
junction. said insulating region having a thickness that is configured to substantially 
avoid a capacitive coupling to said pn-junction. 

2, The semiconductor device of claim 1. wherein said p-doped region and said n- 
doped region are arranged substantially in a side-by-side configuration. 

3. The semiconductor device of claim 1 , wherein one of said p-doped region and 



n-doped region is arranged to partially enclose the other one of the p-doped 
region and the n-doped region. 

4. The semiconductor device of claim 1 , wherein said semiconductor layer has a 
thickness in the range of approximately 0.05 pm to 0,1 |jm. 

5. The semiconductor device of claim 1 , further comprising a first contact plug, 
connecting to said p-doped region, and a second contact plug, connecting to said 
n-doped region. 
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6. The semiconductor device of claim 5, wherein a space formed between said first 
and second contact plugs is substantially filled with insulating material including 
said insulating region. 

7. The semiconductor device of claim 1 , further comprising a first metal silicide 
region in said p-doped region and a second silicide region in said n-doped region. 

8. A diode structure In an SOI device, comprising: 

a p-doped region and an n-doped region arranged to form a pn-junction; 

^ first silicide region formed in said p-doped region; 

a second silicide region formed in said n-doped region; 

-a first contact plug connecting to said first silicide region; 

a second contact plug connecting to said second silicide region; and 

an insulating material formed between the first and second contact plugs so as to 
substantially fill a space therebetween. 

.^I^The diode structure of claim 8, wherein said p-doped region and said n-doped 
region are arranged substantially in a side-by-side configuration. 

10. The diode structure of claim 8, wherein one of said p-doped region and said n- 
doped region is arranged to at least partially enclose the other one of the p-doped 
region and the n-doped region. 

11. A method comprising: 

forming a dielectric mask region above a semiconductor layer formed on an 
insulating substrate; and 
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forming a p-doped region and an n-doped region in said semiconductor layer using 
said dielectric mask region to create a pn-junction between the p-doped region and 
the n-doped region below said dielectric mask layer. 

12. The method of claim 11, further comprising forming silicide regions in said p- 
doped and n-doped regions, wherein said dielectric mask region prevents a short 
between the p-doped region and the n-doped region. 

1 3. The method of claim 1 1 , further comprising forming an insulating layer on said 
semiconductor layer, wherein said dielectric mask region is formed on said 

^ insulating layer, 

14. The method of claim 11, further comprising adjusting a width of said dielectric 
mask region so as to control a dopant gradient towards said pn-junction. 

■15. The method of claim 14. wherein said width is in the range of approximately 
O.OSpm to 0.2 nm. 

16. The method of claim 11. wherein forming said p-doped region and said n-doped 
region includes forming a resist mask to cover a first portion and expose a second 
portion of said semiconductor layer and to partially cover said dielectric mask 
region. 

17. The method of claim 16. further comprising implanting n-type dopants into said 
second portion to form the n-doped region. 

18. The method of claim 17, further including forming a second resist mask to cover 
the second portion and expose the first portion of said semiconductor layer and to 
partially cover said dielectric mask region. 

19. The method of claim 18, further comprising implanting p-type dopants into said 
first portion to form the p-doped region. 
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20. The method of claim 11, further comprising forming a first contact plug, 
connecting to the p-doped region, and forming a second contact plug, connecting to 
the n-doped region. 

21. The method of claim 11, wherein said p-doped region and said n-doped region 
are arranged in a side-y-side configuration. 

22. The method of claim 11, wherein one of said p-doped region and said n-doped 
region is arranged to at least partially enclose the other one of said p-doped region 
and said n-doped region. 

/ 23) The method of claim 11, further comprising forming a transistor structure in said 
semiconductor layer. 

24. The method of claim 23, further comprising forming a halo implantation mask 
that at least covers a first portion and a second portion of the semiconductor layer 
prior to forming said p-doped region and said n-doped region in the first and second 
portions, respectively. 
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ABSTRACT 



In an SOI diode structure the conventional transistor-like MOS configuration is 
eliminated by replacing the polysilicon line by a completely dielectric region. This 
region may be used as implantation mask to control a dopant gradient of an pn 
junction that forms below the dielectric region. Moreover, during the salicide 
process the dielectric region prevents the pn junction from being shorted. Thus, a 
depletion of the active region caused by the MOS structure may be avoided. 
Therefore, the functioning of the pn junction is maintained even for extremely thin 
^miconductor layers. 
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